Unplanned radiation treatment breaks and prolongation of the radiation treatment time are associated with lower survival and locoregional control rates when radiotherapy or concurrent chemoradiotherapy is used in the curative treatment of head and neck cancer. Treatment of head and neck cancer is intense, involving high-dose, continuous radiotherapy, and often adding chemotherapy to radiotherapy. As the intensity of treatment regimens has escalated in recent years, clinical outcomes generally have improved. However, more intensive therapy also increases the incidence of treatment-related toxicities, particularly those impacting the mucosal lining of the oral cavity, pharynx, and cervical esophagus, and results in varying degrees of ulcerative mucositis. Ulcerative mucositis is a root cause of unscheduled radiation treatment breaks, which prolongs the total radiation treatment time. Alterations in radiotherapy and chemotherapy, including the use of continuous (i.e., 7 days/week) radiotherapy to ensure constant negative proliferative pressure, may improve efficacy outcomes. However, these approaches also increase the incidence of ulcerative mucositis, thereby increasing the incidence of unplanned radiation treatment breaks. Conversely, the reduction of ulcerative mucositis to minimize unplanned breaks in radiotherapy may enhance not only tolerability, but also efficacy outcomes. Several strategies to prevent ulcerative mucositis in radiotherapy for head and neck cancer have been evaluated, but none have demonstrated strong efficacy. Continued investigation is needed to identify superior radiation treatment regimens, technology, and supportive care that reduce unplanned radiation treatment breaks with the goal of improving clinical outcomes in head and neck cancer. The Oncologist 2008;13:886 -898 
INTRODUCTION
Squamous cell carcinoma of the head and neck occurs in a substantial number of patients: projections for 2007 in the U.S. alone included approximately 45,660 new cases and 11,210 deaths for cancer of the oral cavity, pharynx, and larynx [1] . Patients who present with local disease are typically treated with a single-modality approach using surgery or radiotherapy. However, approximately 65% of patients with head and neck tumors present with locally advanced disease [2] , which typically requires a multidisciplinary approach [2] [3] [4] [5] [6] [7] .
Concurrent chemoradiotherapy (CRT) can result in a superior treatment response and survival outcome compared with radiotherapy alone in these patients [3] , and it has become the standard of care for locally advanced disease and organ preservation. However, 3 years after concurrent CRT, 30%-40% of patients will experience locoregional recurrences, and 20%-30% will develop distant metastases [3] [4] [5] [6] . Additionally, the combination of chemotherapy and radiotherapy may improve survival to a lesser extent than it improves local treatment response and control, while adding to acute toxicity [4, 5] .
The major limitation to continuous, uninterrupted radiotherapy and concurrent CRT in the management of head and neck cancer is ulcerative mucositis. Unplanned radiation treatment breaks resulting from ulcerative mucositis and the associated acute side effects negatively impact treatment outcomes for many types of tumors, but the detrimental effect appears greatest in head and neck cancer [4] . Ulcerative mucositis is difficult to assess because it occurs not only in the oral cavity but also in areas that cannot be easily observed, such as the esophagus and hypopharynx. The secondary acute effects of oral mucositis include acute and chronic aspiration, inanition, infection, and severe pain. These lead to significant morbidity requiring treatment interruptions.
The objective of this article is to review data on the clinical consequences of radiation treatment breaks, the association between ulcerative mucositis and radiation treatment breaks, and possible strategies to prevent radiation treatment breaks by reducing ulcerative mucositis in the management of head and neck cancer. A literature search (published from the year 2000 to the present) was performed in the MEDLINE, Embase, Biosis, Ovid Journals Full Text, and Conference Papers Index databases. The search strategy consisted of text words and synonyms for treatment breaks, survival analysis, treatment outcomes, radiotherapy, chemotherapy, breast cancer, head and neck cancer, lung cancer, colorectal cancer, and hematological neoplasm. Literature references were selected by the authors on the basis of their relevance to current clinical practice for the treatment of head and neck cancer.
BIOLOGIC CONSEQUENCES OF RADIATION TREATMENT BREAKS
Studies in radiation biology have demonstrated that there is a higher risk for proliferation by residual tumor cells when local radiotherapy is delayed or interrupted. The biological basis for the negative effects of unplanned radiation treatment breaks on clinical outcomes has been attributed to tumor stem cells, cells that can reproduce indefinitely and can therefore cause recurrence [6] . In contrast, most cells in a tumor have a limited life span. Approximately 2-4 weeks after the initiation of radiotherapy, surviving tumor stem cell repopulation in head and neck cancer accelerates and occurs continually during radiation [6, 7] . The accelerated repopulation by tumor stem cells is a consequence of radiotherapy-induced killing of tumor cells; the surviving cells cycle faster during the time the radiation is not being applied. Additionally, surgery interrupting radiotherapy may trigger accelerated tumor regrowth by enhancing the growth environment during healing. The molecular mechanisms underlying accelerated repopulation by tumor cells receiving sublethal doses of radiotherapy likely involve pre-existing signal transduction pathways that have the potential to stimulate cellular proliferation [8] .
During accelerated repopulation, the estimated tumor stem cell doubling time may shorten from approximately 60 days to 4 days [6] . Tarnawski et al. [7] retrospectively estimated repopulation rates for 1,502 patients with carcinoma of the larynx or pharynx who were treated with radiotherapy alone. The probability of tumor control significantly correlated with radiation dose, tumor-nodemetastasis stage, overall radiation treatment time, and gap duration. Ninety percent of these patients had unplanned radiation treatment breaks (mean break of 9 days), and accelerated repopulation of tumor cells occurred more rapidly during a break than during normal days of radiotherapy. During the radiation treatment break, the proliferation rate was equal to 0.75 cell doubling per day versus 0.2 cell doubling per day during days with irradiation, which means that the clonogens are capable of proliferating three times faster on days when no radiotherapy is given than on days when radiotherapy is given. This higher rate strongly demonstrates the cellular basis for the impact of planned and unplanned radiation treatment delays on locoregional control, as confirmed in clinical studies.
CLINICAL CONSEQUENCES OF RADIATION TREATMENT BREAKS
Studies quantifying the adverse clinical consequences of unplanned radiation treatment breaks-and the resulting prolongation of the overall radiation treatment time-are summarized in Table 1 [9 -21] . Unplanned breaks in radiotherapy for head and neck cancer are associated with significantly worse locoregional control [10, 11, 13] . There is evidence that even a short break may have negative conse- quences; in a retrospective analysis of 2,225 patients from four centers [11] , an unplanned break of only 1 day resulted in a 0.68% lower 2-year local control rate. Other authors have estimated that the tumor control rate is at least 1% lower for every day that radiation treatment is interrupted [4, 6] . Unplanned breaks, especially those of several days or more, also have been reported to result in significantly shorter overall survival [9] and relapse-free survival [12] times. After radiotherapy is held for 6 days, every additional day is associated with a 1%-2% lower 5-year relapsefree survival rate [12] . Indirect evidence of the negative consequences of unplanned radiation treatment breaks comes from several studies of total radiation treatment time. Unintended prolongation of the total time of definitive radiotherapy is associated with worse locoregional control [14 -16, 18] and survival [12, 17] . In the case of postoperative treatment of head and neck cancer, there can be significant delays in the "package time"-the time from surgery to completion of postoperative radiotherapy. When the package time is prolonged because of operative morbidity, similar negative effects for locoregional control [18 -20] and survival [18 -20] are observed.
There is indirect evidence that adding chemotherapy during planned treatment breaks-alternating chemotherapy and radiation therapy-can minimize the "time factor" found to be so critical. In a phase III study from Italy that randomized patients between standard radiation therapy and alternating chemotherapy and radiation therapy (three cycles of cisplatin plus 5-fluorouracil [5-FU] alternating with three 2-week courses of standard fractionated radiation therapy), the patients in the combination therapy arm had superior response, 3-year and 5-year survival, diseasefree survival, and local control rates, and there was no difference in the acute high-grade mucositis rates [22, 23] . The total treatment time for the alternating chemotherapy and radiation therapy arm was 10 weeks. This suggests that the adverse effect of a longer treatment time may be less relevant when additional negative growth pressure (i.e., chemotherapy) is applied to tumor clonogens during breaks, and permit healing of normal tissues.
RADIATION TREATMENT BREAKS AND ALTERED FRACTIONATION SCHEDULES
Just as unplanned radiation treatment breaks are known to have clinical consequences, planned radiation treatment breaks may explain some of the observed results in controlled clinical trials of altered fractionation schedules (Table 2) [24 -31] . Planned radiation treatment breaks have the potential benefit of improving radiation tolerability and quality of life by reducing mucositis and its consequences, but they may come at the expense of poorer tumor control.
In an early controlled study of altered fractionation for head and neck cancer [24] , hyperfractionation (1.15 Gy twice daily, 5 days/week for 7 weeks) was well tolerated and resulted in significantly better locoregional tumor control, but was not associated with a statistically significant survival benefit compared with standard radiotherapy (2.0 Gy once daily, 5 days/week for 7 weeks).
A subsequent larger randomized phase III study [25] in 1,073 patients with head and neck cancer compared standard once-a-day radiotherapy (2.0 Gy once daily, 5 day/ week for 7 weeks), hyperfractionation (1.2 Gy twice daily, 5 days/week for 7 weeks), accelerated hyperfractionation with a break (1.6 Gy twice daily, 5 days/week for 6 weeks including a 2-week rest after 38.4 Gy), and accelerated fractionation with a concomitant boost (1.8 Gy once daily, 5 days/week for 6 weeks, plus an additional 1.5 Gy once daily to a boost field during the last 12 radiation treatment days). Hyperfractionation and accelerated fractionation with a concomitant boost resulted in better locoregional tumor control but did not alter survival significantly. The combination of accelerated hyperfractionation with a break did not affect locoregional tumor control or survival outcomes when compared with the standard treatment arm-oncedaily, standard fractionated radiotherapy. This finding may have been a result of the inclusion of the planned 2-week break, which appears to negate the benefits of hyperfractionation and acceleration. Support for this theory comes from a secondary analysis of 501 patients treated with splitcourse (n ϭ 191) or continuous (n ϭ 310) radiotherapy in two randomized trials of the Danish Head and Neck Cancer Group [32] , in which the overall 5-year locoregional control rate was lower for split-course radiotherapy (30% versus 41%; p ϭ .007), particularly among well-differentiated tumors (21% versus 38%; p ϭ 0.001; Fig. 1 ).
Conversely, reducing or eliminating planned radiation treatment breaks and reducing the overall treatment time has been shown to lead to better tumor control. Overgaard et al. [26] demonstrated that administration of a sixth weekly dose, either alone on day 6 or as a second dose on day 5, and reducing the total radiation treatment time from 6.5 to 5.5 weeks resulted in better locoregional tumor control; however, it did not affect survival and it resulted in a higher incidence of acute morbidity (Fig. 2) .
Maciejewski et al. [33] eliminated all treatment breaks and administered standard fractionated radiotherapy 7 days a week for five consecutive weeks in a noncontrolled study; however, this regimen resulted in unacceptable acute morbidity and consequential late morbidity. By using the 7 days/week schedule for 5 weeks but decreasing the daily dose from 2.0 Gy to 1.8 Gy in a small controlled trial [27, 28] , the investigators were able to reduce morbidity to a manageable level and demonstrated a highly significant greater 5-year locoregional tumor control rate of 75% for continuous accelerated irradiation, versus 33% with standard fractionation. One approach that has been examined in clinical trials is the use of short-course, continuous hyperfractionated accelerated radiotherapy (CHART), whereby 36 fractions of radiotherapy are administered three times daily for 12 consecutive days (compared with 5-7 weeks of therapy for most radiotherapy regimens). In the initial report of a multicenter comparison of CHART and conventional radiotherapy in 918 patients, the locoregional tumor control rate was comparable between the radiation treatments, but late radiation morbidity favored CHART [29] . However, a subsequent analysis of data from the study [34] reported that CHART was associated with a greater incidence (75% versus 44%) and peak prevalence (60% versus 34%) of confluent ulcerative mucositis. Highly significant relationships between ulcerative mucositis grade and dysphagia, odynophagia, and prescribed narcotics were also observed.
Two meta-analyses of randomized altered fractionation trials [30, 31] addressed the relative efficacy of accelerated versus hyperfractionated schedules. Both meta-analyses demonstrated significantly longer survival times for hyperfractionated radiotherapy relative to accelerated radiother- apy. However, the authors noted that the modest benefits of most altered radiotherapy schedules may be offset by higher incidences of acute and chronic radiation treatmentrelated morbidity.
RADIATION TREATMENT BREAKS AND CONCURRENT CRT
The addition of concurrent chemotherapy to radiotherapy has been shown to lead to better organ preservation, locoregional control, and survival in randomized trials and meta-analyses in head and neck cancer [31, [35] [36] [37] [38] [39] [40] [41] [42] [43] , but not surprisingly, the combination therapy resulted in greater toxicity (Table 3) . For example, in the Intergroup phase III trial of unresectable head and neck cancer [35] , standard radiation was compared with two different CRT regimens: bolus cisplatin with continuous radiotherapy and a split course with cisplatin plus 5-FU. The bolus cisplatin regimen resulted in significantly better locoregional tumor control and a longer overall survival time compared with radiotherapy alone; split-course treatment (despite having more aggressive chemotherapy) was not statistically different from radiotherapy alone. The survival rate at 3 years was 23%, 27%, and 37%, respectively, for radiotherapy alone, split-course CRT, and continuous CRT with bolus cisplatin, but rates of grade Ն3 toxicity in the CRT groups were significantly greater (52%, 77%, and 89%, respectively).
In contrast to the body of data delineating the negative consequences of radiation treatment breaks and longer total radiation treatment times in radiotherapy alone for head and neck cancer, there is a paucity of data regarding the influence of the radiation treatment time on outcomes when concurrent CRT is used.
The influence of the overall radiation time was specifically evaluated in 88 patients undergoing definitive CRT for head and neck cancer [44] . Patients were treated with two cycles of induction chemotherapy (cisplatin and 5-FU) followed by concurrent CRT with cisplatin and 5-FU in conjunction with once-daily radiotherapy to a planned total dose of 66 -74 Gy. After 2 years, the 61 patients with overall radiation times Ͻ60 days had significantly better local control (89% versus 59%; p ϭ .04) and neck control (95% versus 72%; p ϭ .02) than the 27 patients with overall radiation times Ն60 days. Likewise, Keane et al. [45] reported the results of a randomized trial involving 212 patients treated with either concurrent chemotherapy (mitomycin C and 5-FU) and 50 Gy radiotherapy over 28 days with a 4-week rest at the midpoint or radiotherapy alone. After a median follow-up of 4.4 years, no significant differences in the local and regional relapse-free rates or overall survival rate were observed between the CRT arm and radiotherapy alone. These studies provide indirect evidence that prolonged radiation treatment breaks in concurrent CRT regimens, whether planned or unplanned, may decrease the beneficial effect of the addition of chemotherapy to radiotherapy.
The trend has been toward increasing the intensity of chemotherapy in head and neck cancer. Although site-specific information is lacking, supporting data from studies in other types of malignancies (e.g., breast cancer [46, 47] and diffuse large-cell lymphoma [48] ) have shown correlations between dose-dense chemotherapy and survival. Dose-dense chemotherapy delivers the same dose of chemotherapy at more frequent time intervals, thus reducing the overall time of chemotherapy delivery. Biologically, the mechanism may be similar to that of accelerated radiation therapy regimens (i.e., more continuous negative growth pressure on tumor clonogens). Similar correlations might be expected for head and neck cancer. In a report of alternating 1-week cycles of CRT (5-FU and hydroxyurea, with or without cisplatin) with 1-week breaks for tissue recovery in patients with advanced head and neck cancer [49] , the authors suggested that the usual association between a longer total radiation treatment time and worse outcomes was not applicable when aggressive cell cycle-specific chemotherapy was given concomitantly with radiotherapy. Among patients who received radiotherapy doses Ն59.4 Gy, local control was achieved in 5 of 17 patients who had failed prior local therapy and 30 of 31 patients with no prior local therapy, despite the longer radiotherapy treatment time, 12-14 weeks total, approximately twice the normal du- Absolute OS benefit of 4% at 5 yrs (p Ͻ .0001) in favor of CT; for concurrent CT, absolute OS benefit was 8% at 5 yrs -Abbreviations: 5-FU, 5-fluorouracil; AE, adverse event; CRT, chemoradiotherapy; CT, chemotherapy; HR, hazard ratio; NS, not significant; OS, overall survival; PF, cisplatin/5-fluorouracil; PFS, progression-free survival; RFS, recurrence-free survival; RT, radiotherapy; RT-accel, accelerated fractionation radiotherapy; RT-hf, hyperfractionated radiotherapy; RT-std, standard radiotherapy.
ration of standard radiotherapy. In a subsequent study that also alternated a week-off/week-on schedule of twice-daily radiotherapy with 5-FU plus hydroxyurea for therapy of stage II-III disease [50] , the 3-year overall survival and progression-free survival rates were 78% and 67%, respectively. The intensive chemotherapy, despite the planned breaks, seemed to exert continued negative growth pressure on tumor stem cells and maintain the benefit of the addition of chemotherapy to radiotherapy by allowing for "recovery" of acutely responding tissues during the 1-week interruptions. The drawback to this strategy is that the longer overall radiation treatment time and intensity of the chemotherapy requires that patients be compliant with a very long radiation treatment course, and likely may require multiple hospital admissions. It is not clear that this would be feasible in a less controlled environment. This technique is now being tested in the randomized phase III EPIC multicenter trial in combination with cetuximab [51] . As described previously, outcomes are superior when radiotherapy alone is accelerated on a 7 days/week schedule for a shorter total duration with a lower daily dose [28] . Therefore, the Radiation Therapy Oncology Group (RTOG)-0129 protocol was designed to evaluate the effects of concurrent cisplatin therapy with intensified radiotherapy (70 Gy in 35 fractions given 5 days/week for 7 weeks, versus 72 Gy in 42 fractions given 7 days/week for 6 weeks). That trial has completed accrual, but no efficacy data have yet been reported. If the concurrent CRT regimen using concomitant boost radiotherapy is shown to produce significantly better outcomes, this would provide further support for the importance of minimizing radiation treatment breaks when concomitant chemotherapy is used.
ULCERATIVE MUCOSITIS AND RADIATION TREATMENT BREAKS
The major limitation to more aggressive radiotherapy and concurrent CRT regimens is locoregional treatment-related toxicities, particularly ulcerative mucositis and the consequences of ulcerative mucositis: aspiration, inanition, and severe pain (Table 4 ) [52, 53] . A literature review conducted by Trotti et al. [52] found that the overall incidence of ulcerative mucositis was 80% among 6,181 patients in 33 studies that used a variety of grading scales; the overall incidence of grade 3-4 ulcerative mucositis was 39%, with incidences of 43% among patients treated with concurrent CRT and 57% among patients treated with altered fractionation schedules. Five of these studies (1,267 patients) specifically evaluated unplanned interruptions/modifications of radiotherapy and found that 11% of patients (8%-27% in each study) had radiotherapy regimens modified as a result of ulcerative mucositis. A chart review of 450 patients treated by 154 oncologists [53] confirmed the greater risk for ulcerative mucositis associated with intensified therapy-either concurrent CRT or higher cumulative radiotherapy doses. Unplanned Abbreviations: CT, chemotherapy; CRT, chemoradiotherapy; RT, radiotherapy; RT-alt, altered fractionation radiotherapy; RT-hf, hyperfractionated radiotherapy; RT-std, standard radiotherapy. radiotherapy interruptions were 3.8-fold more common and unplanned chemotherapy breaks were 3.4-fold more common among patients with ulcerative mucositis, and the frequency of radiation treatment breaks was higher with higher grades of ulcerative mucositis. Notably, the incidence of radiation treatment breaks resulting from ulcerative mucositis was greater in this study than in the clinical studies described in the systematic review. Patients with moderate or severe ulcerative mucositis, who comprised the majority of the study population, had 15.8% and 46.8% incidences of radiation treatment breaks resulting from ulcerative mucositis, respectively. This finding is consistent with the theory that radiation treatment breaks resulting from ulcerative mucositis are more common in clinical practice than they are within the controlled setting of clinical trials where there is more support for patients [4] .
Although altered radiotherapy schedules and concomitant CRT may enhance the radiation treatment response, they are associated with greater rates of acute toxicity (see Tables 2 and 3 ). Paradoxically, if the toxicity of the altered radiation treatment or concurrent CRT becomes too great, it could result in more radiation treatment breaks because of ulcerative mucositis, which in turn would lead to worse outcomes and negate the benefits of the altered fractionation radiation treatment. Clearly there is a need for strategies that will reduce ulcerative mucositis and radiation treatment breaks to allow more effective therapies to be administered with minimal planned or unplanned interruptions.
STRATEGIES TO REDUCE ULCERATIVE MUCOSITIS AND RADIATION TREATMENT BREAKS
Various strategies have been developed to reduce ulcerative mucositis and the associated radiation treatment breaks. The molecularly targeted therapy cetuximab was recently approved by the U.S. Food and Drug Administration in combination with radiation for the de novo treatment of patients with locally advanced head and neck cancers as well as for patients with recurrent, platinum-refractory disease [54] . In a study of high-dose radiotherapy for head and neck cancer, the addition of cetuximab resulted in a lower rate of locoregional progression or death, a longer progressionfree survival time, and a longer overall survival time without exacerbating common adverse events, including ulcerative mucositis [55] . Cetuximab has not been directly compared with cisplatin or other concurrent CRT regimens in a randomized trial, so it is unknown how local-systemic toxicity, survival, and locoregional tumor control rates compare between this newer approach and the standard of care with conventional chemotherapeutic agents.
An additional strategy to maintain tumor control without increasing the incidence of ulcerative mucositis is to calculate compensatory doses of radiotherapy for radiation treatment breaks using a linear quadratic model, with the goal of equalizing the biological effective dose between the initially planned and actually delivered radiation doses [10, 11, 56] . Using this model, it is possible to find a solution to recover from early interruptions, but because of the effects of accelerated repopulation, it is almost impossible to recover the dose loss from late radiation treatment breaks. Similarly, compensation after interruptions in altered fractionation is extremely difficult to achieve. Treatment prolongation has a negative impact on locoregional control and can be difficult to achieve in patients whose compliance might be strained by the symptoms associated with ongoing treatment.
As described above, the negative consequences typically associated with radiotherapy breaks were not observed in a series of trials that either administered radiotherapy 7 days/week without breaks [27, 28] or used intensive CRT with weekly breaks [49, 50] . Although this approach may preserve the efficacy of radiotherapy for head and neck cancer, it may also lead to greater morbidity.
One of the most commonly used strategies to avoid radiation treatment breaks is the prophylactic use of feeding tubes. Feeding tubes allow for continuous feeding even when patients are unable to swallow. This can help to prevent malnutrition and dehydration and some of their secondary effects. Even with feeding tubes, patients still require narcotic analgesics and topical remedies to treat pain. They can also suffer from local infections that can become systemic as a result of the breakdown of the mucosal barrier and associated immune system. The painful symptoms may respond to oral rinses or systemic opioid therapy; there is limited evidence that some agents (allopurinol mouthwash, GM-CSF, immunoglobulin, or human placental extract) may address the underlying mucositis effectively [57] . The ideal strategy would be to prevent the development of mucositis, thereby maintaining locoregional tumor control without resulting in greater radiotherapy toxicity. Few agents have been proven to be significantly effective in preventing mucositis in head and neck cancer [58] . Small studies suggest that local treatment with oral rinses such as 0.15% benzydamine [59, 60] or vitamin E [61] may prevent mucositis, but large, well-controlled studies of these interventions are sparse. A recent systematic review of the available evidence [58] concluded that a few interventions-including hydrolytic enzymes, ice chips, Chinese (herbal) medicine, and amifostine-may have some benefit in the prevention of mucositis. Patients receiving amifostine with concurrent CRT in a randomized, phase II trial had a significantly lower incidence of ulcerative mucositis (p ϭ .0001) [62] , but subsequent results of two phase III trials did not show conclusive evidence of mucosal protection [63, 64] . The authors considered the doses used in the phase III trials to be potentially suboptimal, but the effectiveness of amifostine in the head and neck cancer setting remains questionable. Other radioprotective agents also have shown disappointing results in sufficiently powered randomized trials. For example, in a randomized trial of head and neck cancer patients [65] , iseganan failed to produce a lower incidence of ulcerative mucositis or attenuate its clinical sequelae relative to placebo. A meta-analysis of randomized trials of ulcerative mucositis prophylaxis in irradiated head and neck cancer patients [66] showed that, overall, the use of various interventions reduced the odds of developing severe ulcerative mucositis (odds ratio, 0.64; 95% confidence interval, 0.46 -0.88). However, when the outcome was assessed by patients rather than physicians, no significant difference was seen in outcome between the treatment and control groups.
Recently, i.v. administration of the recombinant human keratinocyte growth factor palifermin was shown to reduce the incidence of ulcerative mucositis in patients with hematologic cancers [67] . Its efficacy and safety have not been reported in patients with head and neck cancer; however, phase III trials are currently ongoing in locally advanced head and neck cancer in the U.S. and Europe and may provide evidence regarding the potential effectiveness of this agent in reducing acute CRT-induced mucositis.
Additional study is required to identify safe and effective strategies to prevent ulcerative mucositis, thereby preventing unplanned radiation treatment breaks.
CONCLUSIONS
Treatment intensification improves efficacy outcomes in head and neck cancer but can also lead to a higher incidence of acute adverse events such as ulcerative mucositis, often resulting in unplanned radiation treatment interruptions.
For radiotherapy, the biological principle of accelerated repopulation of tumors during breaks has been broadly acknowledged, and the negative clinical consequences have been documented for unplanned radiation treatment breaks.
Alteration of radiotherapy schedules to reduce radiation treatment breaks-by administering radiotherapy 7 days/ week to eliminate radiation treatment breaks to ensure constant tumor coverage-may also improve efficacy outcomes. However, these strategies may simultaneously increase the morbidity of radiotherapy, particularly ulcerative mucositis.
The ideal solution would reduce both ulcerative mucositis and unplanned radiation treatment breaks as well as the overall package time, but currently available strategies to achieve this goal have been proven to be inadequate, leaving a very important unmet medical need. Continued investigation of new therapies to attenuate ulcerative mucositis and other associated acute and chronic toxicities should result in the identification of strategies that reduce radiation treatment breaks, thereby improving both the tolerability and efficacy of radiotherapy in head and neck cancer. Awareness of the impact of mucositis and treatment breaks and additional prospective trials, like the RTOG 0435 trial, that evaluate new strategies for reducing mucositis are warranted in order to address these serious impediments to cure.
